excluded because they are not islands. The discussion in this article also applies, to varying degrees, to island territories of larger nations, vulnerable coastal locations, and isolated islands in archipelagic nations such as Indonesia and the Philippines.
Small island states share many features that constrain their ability to adapt to current climate variability and future climate change, including their small or very small physical size, remoteness from major land masses, limited natural resources (often with unique animal and plant life), vulnerability to natural disasters and extreme weather events, economies sensitive to external shocks, populations with high growth rates and densities, poorly developed infrastructure, and limited financial and human resources (Nurse et al. 2001) . Some islands have significant emigration and "brain drain." Small island states also display wide diversity: the islands differ in geologic type, size, elevation, soil composition, drainage characteristics, and natural resources. Some of the larger islands have significant elevation, whereas others are low-lying small coral atolls with limited or no land for evacuation in times of natural disaster. Natural resources range from scarce to abundant. Some islands have abundant surface water, whereas others are completely dependent on groundwater; water requirements are just as diverse. Social, cultural, and economic settings also vary. Some islands have large commercial or industrial centers, and others have extensive agriculture. Infrastructure, including health infrastructure, is sometimes poorly developed. Human communities range from large densely populated cities to small villages and dispersed rural populations.
The diversity of the small island states in demographic, health, economic, environment, and climate indicators is shown in Tables 1  and 2 . As shown in Table 1 , populations range from 2,000 in Niue to > 11 million in Cuba, with the percentage living in urban areas ranging from 13% in Papua New Guinea to 100% in Nauru. Particularly in Asia and the Pacific, many small island states have young populations, with a significant fraction of the population younger than 15 years. Most small island states have relatively healthy life expectancies (HALEs) in the range of 50-60 years (compared with HALEs of 70 years or more in most developed countries), with approximately 7-8 years of healthy life lost in males and 9-10 years in females compared with males and females in developed countries. As shown by the probability of dying before reaching 5 years of age, most of these years of life lost are in the young. Annual growth rates during 1992-2002 ranged from negative in several small island states (in most cases, due to emigration) to > 3%. Growth rates were not associated with gross domestic product (GDP) per capita; 3% or higher growth rates were experienced in Comoros with a GDP per capita of US$278 and in Bahrain with a GDP per capita of $12,012. Table 2 shows the diversity of small island states in environment and climate indicators. Small island states account for < 1% of global greenhouse gas emissions. Carbon dioxide (CO 2 ) emissions range from just a few thousand megatons in some small island states to > 35.5 million megatons in Singapore. Energy consumption per capita has a similar broad range.
The diversity of small island states will affect both the climate change impacts they experience and their ability to adapt to these impacts. Of course, it will not be possible to adapt to some impacts, such as an island becoming uninhabitable because of sea-level rise. Current and projected climate changerelated effects also will be experienced by coastal mainland areas.
To better understand the vulnerability of small island states to current climate variability and to build capacity to cope with climate change through adaptation planning, we present information in this article that is synthesized from presentations and discussions at three workshops [Samoa (July 2000 (Nurse et al. 2001) . Increases in surface air temperatures have been greater than global rates of warming in areas such as the Pacific Ocean and the Caribbean Sea. Based on data from 34 stations in the Pacific from about 160°east and mostly south of the equator, surface air temperatures increased by 0.3-0.8°C during the 20th century (Nurse et al. 2001) . For example, in New Caledonia and the Cook Islands, temperatures have risen 0.6-0.7°C since 1920.
Globally, average sea level rose between 0.1 and 0.2 m during the 20th century. Based on tide gauge data, the rate of global mean sea-level rise was in the range of 1.0-2.0 mm/year compared with an average rate of about 0.1-0.2 mm/year over the last 3,000 years (Nicholls and Leatherman 1996) . It is difficult to establish the degree of sealevel change for individual islands because of limitations of observational records. Some observed changes consistent with global climate change include increased coastal erosion, more saline soils, shifting fishing grounds, and more droughts and water shortages (Nurse et al. 2001) .
Future climate projections. The projected area-averaged increase in surface air temperature for the 2050s is approximately 2.0°C for the Atlantic Ocean and Caribbean Sea, 2.0°C for the Pacific Ocean, 2.1°C for the Indian Ocean, and 2.8°C for the Mediterranean Sea (Nurse et al. 2001) . The projected increase for the 2080s is approximately 3.1, 3.0, 3.2, and 4.3°C, respectively. Except for the Mediterranean Sea, the increases in surface air temperature are projected to be more or less uniform in both seasons. For the Mediterranean Sea, warming is projected to be greater during the summer than during the winter.
Recent (ENSO) cycle, with the eastern tropical Pacific projected to warm more than the western tropical Pacific (Meehl 1997; Nurse et al. 2001) . This would shift rainfall eastward and could cause drought conditions over Australasia. A marginal decrease in precipitation is projected for other regions, particularly during the northern hemisphere summer, suggesting reduced water availability (Lal et al. 2002) . Models suggest that small island states will experience greater climate variability, such as more extreme high temperature and precipitation events (Nurse et al. 2001) . The consequences of increased climate variability for small island states are likely to be related to changes in rainfall, soil moisture budgets, prevailing winds (speed and direction), and patterns of wave action. El Niño events will likely strengthen short-term and interannual variations. Although there is no consensus regarding the projected formation and behavior of tropical cyclones in a warmer world, there are indications that the intensity of these events may increase (Royer et al. 1998; Spennemann and Marschner 1995) .
Between 1990 and 2100, global mean sea level is projected to rise by 0.09-0.88 m (Albritton and Meira Filho 2001) . This will be due primarily to thermal expansion of the oceans and loss of mass from glaciers and ice caps. Sea levels are projected to continue rising for hundreds of years after stabilization of greenhouse gas concentrations because of the long time scales on which the deep ocean adjusts to climate change.
All these projections are, of course, highly uncertain. Key uncertainties include a lack of understanding of feedback processes in the climate system, lack of understanding of the probability distribution associated with temperature and sea-level rise projections under different climate scenarios, and limited capabilities of regional models.
What Is the Current Distribution and Burden of Climate-Sensitive Diseases in Small Island States?
Many small island states currently suffer high burdens from climate-sensitive health outcomes, including morbidity and mortality from extreme weather events, certain vectorand food-and waterborne diseases.
Extreme weather and climate events. Many small island states are particularly vulnerable to tropical cyclones, storm surges, flooding, and drought. These events can have both shortand long-term effects on human health, including drowning, injuries, increased disease transmission, decreases in agricultural productivity, and an increased incidence of common mental disorders (Hajat et al. 2003) . Because these potential impacts are complex and farreaching, the true health burden is rarely appreciated. Droughts and floods also can affect health through deterioration of water quality and quantity. Tropical cyclones, especially during or after a drought, also may predispose islands to wildfires, with their associated health consequences.
Extreme weather events due to the ENSO cycle can affect population health through the associated droughts, floods, heat waves, and disruptions in food production (Glantz 1996) . The impacts of El Niño events vary geographically; for example, during an El Niño year, storm tracks shift to the west in the Pacific and tropical cyclones are 2.6 times more likely to occur near the Marshall Islands than during a regular year (Spennemann and Marschner 1995) . Precipitation patterns may change during the ENSO cycle. For example, the western Pacific islands may be drier during an El Niño event, whereas the eastern Pacific islands may expect more rain than usual (Ropelewski and Halpert 1987) . This pattern can vary from one El Niño event to another and over the course of an event, suggesting some of the difficulties in the practical application of climate forecast information in public health and other sectors. The weather changes experienced during El Niño events may provide clues to the environmental and health impacts that may occur with long-term climate change.
One example of the impacts of extreme events is the health consequences of the 1997-1998 El Niño on Pacific nations. In June 1997 the Pacific ENSO Application Center alerted governments that a strong El Niño was developing, that changes in rainfall and storm patterns could be expected, that severe droughts could occur as early as December, and that some islands were at unusually high risk of typhoons and hurricanes (Hamnett et al. 1998) . In fact the region did experience extreme drought as well as several severe storms. For example, in Palau and on Pohnpei in the Federated States of Micronesia, water was available only 2 hr a day at the height of the drought. Even with the advanced warning, the affected nations sustained substantial agricultural losses in the form of damaged lands and ecosystems, damaged crops, and increased financial costs of importing water and food. Decreases in water availability and agricultural production were the main causes of adverse health outcomes during the 1997-1998 El Niño event (Hamnett et al. 1998) . However, the successes of the interventions launched, such as public education and awareness campaigns designed to reduce the risk of waterborne diarrheal diseases and vectorborne diseases, limited some of the resulting disease burdens. For example, despite the water shortage in Pohnpei, fewer children than normal were admitted to hospitals with severe diarrheal disease; this was attributed to frequent public health messages about water safety. Conversely, micronutrient deficiencies were found in pregnant women in Fiji, especially in regions where the drought was most extreme. The Indonesian island of Sumatra experienced massive forest fires caused by El Niño-driven droughts, affecting air quality in regions beyond the immediate burn areas and resulting in more cases than normal of respiratory illnesses and allergy symptoms.
The Caribbean also experiences adverse health effects from extreme weather events such as hurricanes, tropical storms, flooding, droughts, and, in Trinidad, (WHO 2003) . Threats to health posed by extreme weather events in the Caribbean include insect-and rodentborne diseases, such as dengue, leptospirosis, malaria, and yellow fever; waterborne diseases, including schistosomiasis, cryptosporidiosis, and cholera; foodborne diseases, including diarrheal diseases, food poisoning, salmonellosis, and typhoid; respiratory diseases, including asthma, bronchitis, and respiratory allergies and infections; heat-related illnesses, including sunstroke, sunburn, heat stress, heat exhaustion, and dehydration; malnutrition resulting from disturbance in food production or distribution; and anxiety and stress. A recent study by the Caribbean Epidemiology Centre and the Water and Sewage Authority of Trinidad and Tobago found that 18.6% of samples of potable water taken after heavy rainfall events were positive for Cryptosporidium (WHO 2003) .
Large portions of the Caribbean population are not served by sewage-collection systems but rather depend on individual systems such as septic tanks, soakaways, and pit latrines. In rural communities, the practice of dumping waste in rivers, streams, and ravines is widespread. In times of high rainfall and flooding, stormwater runoff and floodwaters may become contaminated with fecal waste from these systems and can pose serious health risks. This waste can also exacerbate the effects of flooding. One of the reasons advanced for the massive flooding in Castries, St. Lucia, after Tropical Storm Debbie in 1994 was the clogging of waterways with waste (WHO 2003) .
Vectorborne and waterborne diseases. The distribution and abundance of many vectors may be affected by even small changes in ambient temperature and precipitation, or by changes in vegetation, host populations, and water availability, especially at the margins of vector distribution. Many small island states lie in tropical or subtropical zones with weather conducive to the transmission of diseases such as malaria, dengue, filariasis, and schistosomiasis. The rates of many of these diseases are increasing in small island states for a number of reasons, including poor public health practices, inadequate infrastructure, poor waste management practices, increasing global travel, and changing climatic conditions (WHO 2002) . In addition to weather and climate factors, social aspects such as culture and traditions are important in disease prevalence.
High-priority diseases of concern for small island states include malaria, dengue, diarrheal disease/typhoid, heat stress, skin diseases, and acute respiratory infections and asthma. Outbreaks of these diseases can be costly in lives and economic impacts. An outbreak of dengue fever in Fiji coincided with the 1997-1998 El Niño; out of a population of approximately 856,000 people, 24,000 were affected, with 13 deaths (World Bank 2000). Although dengue is endemic in Fiji and other islands in the Pacific, large outbreaks do not occur yearly. Increased temperature during the El Niño may have facilitated mosquito population growth. The epidemic cost US$3-6 million. Neighboring islands also were affected.
What Are the Potential Future Health Impacts of Climate Change in Small Island States?
Increasing global average temperature, sea-level rise, and extremes in the hydrologic cycle can have negative impacts on health. Primary concerns for many small island states include that climate change could change the frequency and severity of extreme weather and climate events such as cyclones, floods, and droughts, and change the range and prevalence of climate-sensitive diseases, particularly vectorborne diseases. High-priority diseases identified in the workshops include malaria, dengue fever, diarrheal diseases, heat stress, skin diseases, acute respiratory infections, and asthma. Small island states also face health-related problems due to sea-level rise, including coastal flooding; exacerbated storm surges; damaged coastal infrastructure; salination of island fresh water; damage to coastal ecosystems, coral reefs, and coastal fisheries; and population displacement.
Few studies have been conducted of the potential future health impacts of climate change under different climate change scenarios. One study by the South Pacific Regional Environment Programme estimated that the cost to Fiji of ignoring the potential impacts of climate change would be US$5-19 million by 2050 in terms of loss of public safety, increased vector-and waterborne diseases, and increased malnutrition from food shortages during extreme events, but not including direct damage from cyclones (WHO 2003) . This study input projected changes in global mean temperature and sea-level rise under different climate change scenarios into a regional climate model to project regional changes, which were then input into health models to estimate impacts, from which costs were estimated.
The potential effects of climate change on dengue in the Caribbean were projected using the CIMSiM/DENSiM models (CIMSiM is a dynamic life-table simulation entomologic model of various parameters that influence the growth and reproduction of the mosquito vector for dengue fever, and DENSiM is essentially the corresponding account of the dynamics of a human population; these models account for the development of the virus within individuals and its passage between vector and human populations.) and HadCM3 (a general circulation model used to make climate projections on the basis of input from the scenarios) climate projections (WHO 2003) . Projected changes in temperature and other weather variables were input into the infection model to estimate how the prevalence of dengue could change under different scenarios. Results suggested that the temperature-enhanced aspects of the system would be roughly balanced by attenuation because of reduced numbers of larval breeding sites. The bottom line was that dengue will unlikely be influenced positively or negatively by climate change in the locations examined. The dengue situation in the Caribbean in coming decades will principally reflect the success of vector control programs and infrastructure changes.
What Interventions Are Being Used to Reduce the Current Burden of Climate-Sensitive Diseases?
Small island states have designed and implemented a variety of strategies, policies, and measures to reduce the current burden of climate-sensitive diseases, as highlighted in the following examples. Many of these initiatives recognize that the potential health impacts of climate variability and change do not need to be addressed individually; health outcomes with common risk factors, such as malnutrition and diarrheal diseases associated with the dry season, may be reduced together by the implementation of appropriate interventions.
Most of these initiatives include the development of early-warning systems to enhance opportunities for disease control. Early-warning systems typically are based on models developed using weather/climate forecasts, environmental observations, and epidemiologic data and are designed to provide warnings when increased risks could be expected. When increased risks are projected, interventions are undertaken to reduce the possible burden of disease. Evaluation and feedback are then used to improve the models. Many small island states need to build the capacity to develop integrated climate and health early-warning systems. In addition it will be important to build institutional, human, and scientific capacity for flexible and responsive action.
A national strategy for drought disaster planning was developed in Fiji during the 1997 -1998 El Niño (WHO 2003 . First, the drought had to be defined and perceived as a threat. A vulnerability assessment was conducted so that problems could be anticipated and resources could be concentrated where most needed. Development of a national strategy was hampered by the lack of information about the past effects of droughts; these effects may be difficult to recognize because of the slow onset of drought and a tendency for impacts to linger into subsequent years.
Although Indonesia has no national earlywarning system for disease outbreaks, the Indonesian Ministry of Health advises all governors to prepare for possible outbreaks of dengue before the rainy season. Every local government carries out regular health-education campaigns, urging people to clean up breeding sites for mosquitoes, and hospitals to collect data on the incidence of dengue.
What Additional Interventions Are Needed to Adapt to Current and Future Health Impacts?
Interventions for reducing the health impacts of climate variability include effective health education programs, improvement of health care infrastructure, disaster preparedness plans, vector monitoring and control, and appropriate sewage and solid-waste management practices. The ability to predict climate variations on a seasonal or interannual scale presents communities with the opportunity to develop the capacity and expertise to deal with climate variability, which will also help communities prepare for the effects of climate change. The range of interventions is large; the following are a few examples.
To manage the potential health impacts of extreme weather and climate events in the Caribbean, the Caricom Caribbean Environmental Health Institute recommends establishing monitoring and surveillance systems, creating an enabling environment, strengthening the public health infrastructure, promoting research, and promoting awareness and education. Adaptation options for Cuba include continuation of environmental educational plans, improvement of water systems, strengthening of surveillance systems, design of infrastructure to reduce impacts, strengthening of vaccination programs, and further understanding of the associations between climate variability and health.
Strategies for adaptation to sea-level rise fall into three main categories: retreat, accommodate, and protect. Retreat indicates the planned abandonment of land to reduce risk and minimize the loss of associated infrastructure (Nicholls and Leatherman 1996) . In the Pacific islands, this could mean abandoning some low-level islands or abandoning lowlevel areas and moving to higher ground, if available on the same island. Accommodation suggests changing land use as water levels rise, such as raising buildings or changing to more salt-tolerant crops. Protection often uses constructed barriers to keep the sea away from coastlines (Nicholls and Leatherman 1996) . Approaches can include hard structures such as seawalls and breakwaters or softer options such as the use of vegetation to stabilize beaches (Watson et al. 1996) . Adding sand and stone to existing beaches or raising the height of some coastal villages may be useful in some places (Nicholls and Leatherman 1996) . Precautionary approaches include the enforcement of enlarged building setbacks, land-use regulations, and building codes (Watson et al. 1996) .
What Are the Health Implications of Climate Variability and Change in Other Sectors?
Climate change will interact with and exacerbate other factors that contribute to the vulnerability of a particular region, as highlighted in the following examples.
Many small island states rely on a single source for their water supply, such as groundwater, rainwater, surface reservoirs, or shallow wells that draw from freshwater lenses just beneath the surface (Meehl 1996) . These sources are climate sensitive, and changes in precipitation or rising sea levels will present challenges to public health. For example, the freshwater supplies of almost all Pacific islands are threatened during times of drought. Rising sea levels can result in salinity intrusion into the freshwater lens. Completely protecting water sources from adverse effects of climate variability and change may not be possible, but the management of water resources can be improved. Timely, site-specific, and reliable forecasts of impending droughts and floods that are rapidly disseminated to water resource managers and disaster planners are needed. Better management of the demand for water, water storage, and water loss prevention will help conserve supplies during times of droughts. More vigilant monitoring of water quality will be required.
Agriculture of subsistence food crops and crops for export may be adversely affected by changes in precipitation, rising temperatures causing heat stress to plants, salinization resulting from sea-level rise, and extreme weather and climate events, such as cyclones, floods, or droughts. For example, El Niño changes in 1991 and 1994 caused widespread rice crop failures in Indonesia (Buan et al. 1996) . Approximately 50% of the rice and corn crop losses in the Philippines were due to climate variability. Decreases in agricultural productivity can obviously affect human health.
Coral reefs are an integral part of many island ecosystems. Coral reefs are likely to experience adverse effects from a range of climate change-related events such as increases in seawater temperature, sea-level rise, changes in storm patterns and coastal currents, changes in rainfall patterns, and additional pressures from nearby cities and settlements (Watson et al. 1996) . Although coral reefs can recover from brief episodes of warmer water, prolonged periods (> 6 months) of increases in seawater temperature results in irreversible bleaching (Brown and Suharsono 1990) . For example, the coral reefs that surround the Maldives play a role in the physical preservation of the islands and in fisheries, tourism, and local traditions and culture (WHO 2003) . In 2000, tourism provided 33% of the Maldives' GDP, and the fishing industry provided 6%. The reefs are the main attraction for tourism and provide fish for consumption and export as well as bait for the tuna fishery. Stress on the reefs originates from dredging, coral and sand mining, harbor construction, reclamation, construction of seawalls and jetties, and island-based pollution. Global sources of stress include climate change, El Niño conditions, ozone depletion, and sea-level rise. Stress to the reefs threatens fresh water and other natural resources, making island communities more 
Recommendations
Because the health impacts of climate variability and change can be direct, indirect, multiple, simultaneous, and significant, governments, policy makers, decision makers, and resource managers in small island states are faced with major challenges. The capacity to undertake vulnerability assessments and develop adaptation policies and measures requires information on the health impacts of climate variability and change at the local and regional level; this information must include a comprehensive perspective from multiple sectors.
The workshops identified the following recommendations for improving the capacity of the health sector to anticipate and prepare for climate variability and change in small island states. 
High-priority research

Data needs
• Collect more valid and comprehensive health, meteorologic, environmental, and socioeconomic data at appropriate local, regional, and temporal scales for research, program planning, and advocacy. Conduct inventories of existing data, identify current data gaps, and develop strategies to fill these gaps. Improve health surveillance systems to allow assessment of the impact of climate variability and change on health.
• Establish better data-management systems, programs, and practices, including the establishment of data-quality standards and best practices. 
Conclusions
As stated in the Madang Commitment towards Healthy Islands (WHO 2001), small island states are places where children are nurtured in body and mind, environments invite learning and leisure, people work and age with dignity, the ecologic balance is a source of pride, and the ocean is protected (WHO 2001) . Increasing understanding of the potential health impacts of climate variability and change in small island states and building capacity to cope with climate change through adaptation planning will help ensure that small island states will be prepared to deal with what the future does bring.
